fact that phages do not fulfill any of these requirements, compassionate use is only available in countries with a specific regulation such as Belgium, France and the USA, as well as in countries where phage therapy has been maintained from the beginning (the 1930s) such as Poland, Georgia and Russia. In the rest of the world, access to phage therapy is hindered by the lack of results from clinical trials. To date, only one clinical trial has been carried out in the European Union (PhagoBurn), which was intended for testing the efficacy and tolerability of a cocktail of lytic anti-Pseudomonas aeruginosa bacteriophages to treat burn wounds infections. Nonetheless, it is worth mentioning that several clinical trials are currently ongoing in different countries [6] , although their results have still not been released. Given the obvious need for clinical trials, why have they not been performed yet? There are three main obstacles to carry out a clinical trial with bacteriophages:
First, the economic cost which is usually supported by governments or pharmaceutical companies, the latter remaining skeptical due to the confusing legal framework along with the need to customize treatment for each patient. By contrast, antibiotics are produced at a large scale and have a wide bacterial spectrum, which has made them very attractive for pharmaceutical companies.
Second, it is necessary to invest time and effort to get the authorization from the relevant country's competent authority. Many of these difficulties are derived from the special nature of phages and their differences with classical antimicrobials. For example, unique traits of bacteriophages, such as their ability to propagate in bacteria and potentially transfer genetic material or their high host specificity, require different handling and the development of a new legal framework [7] .
Third, it is quite difficult to recruit volunteers who meet the requirements of these clinical trials (multi-resistant infectious disease, physician and patient consent, availability of properly purified phage preparations). In Europe, the European Medicines Agency is responsible for the evaluation of new treatments through expert committees. Their decision goes to the European Commission, who will then authorize or deny marketing of such medicine. However, the pharmaceutical legislation applicable to antibiotics is not appropriate for phages, which would be considered as part of advanced therapy medicinal products. Therefore, proper regulation of phage use should be implemented at the national and international levels [8] .
Coming back to our patient waiting for a successful treatment, the next option is to travel to the previously mentioned countries where phage therapy is possible (Queen Astrid Military Hospital, Belgium; Hospices Civils de Lyon, France; Phage Therapy Unit, Poland; Phage Therapy Center, Georgia; Center for Innovative Phage Applications and Therapeutics, CA, USA). If this is the case, some considerations have to be taken into account. For instance, the high specificity of phages for their host bacteria is a very valuable characteristic, as only target bacteria will be removed after treatment, while beneficial microbiota will remain unaltered. Nevertheless, this fact requires the selection of infective phages for each strain from each patient. Phage production centers usually have large phage collections, making it easy to find a suitable one, but it remains necessary for the patient's strain to be isolated and tested before the treatment (e.g., by performing a phagogram test, which would be the phage equivalent of an antibiogram test). Once identified, the proper phage or phages that infect and lyse the pathogenic bacterium [9] , they have to be propagated and purified (in an authorized laboratory or company) following the recommendations of the European Pharmacopoeia, or the Belgian Pharmacopoeia in case of the Magistral Phage preparations. Indeed, these magistral preparations can contain nonauthorized ingredients as long as they are accompanied by a certificate of analysis issued by a Belgian Approved Laboratory [10] . In the last 2 years, external requests for phage therapy in phage therapy centers have increased significantly [11] and several successful cases have already been reported [12] [13] [14] [15] .
Antibiotics have saved countless human lives and have revolutionized modern medicine. After their discovery, these antibacterial weapons quickly improved the health of the population in developed countries, becoming the panacea for infectious diseases, which were very abundant at that time. But this honeymoon was actually very short. Indeed, the first penicillin-resistant bacterium was isolated in 1945. However, until recently, we did not give too much thought to antibiotic resistance, because it used to be relatively easy to find another suitable antibiotic when an older one stopped working. This period of optimism is now almost over. As a consequence of the current state of the antibiotic resistance epidemic, there has been a paradigm shift. Physicians have become much more careful and initially choose the least powerful antibiotic to which the bacterium is sensitive. Most hospitals now have a surveillance group to implement a rational use of the available antibiotics. In this regard, WHO updates every 2 years a Model Lists of Essential Medicines [16] , where antibiotics are classified (AWaRe classification) into three different groups. Recommendation of their priority for a proper use is also displayed (access, antibiotics for first or second choice; watch, only used for specific treatments; and reserve, last resort antibiotics only used against multi-resistant bacteria).
It seems clear that the surveillance of multi-resistant bacteria is key to manage the rational use of antibiotics and to reduce the future incidence of resistance. Indeed, the implementation of the AMR Global Action Plan is already being progressively carried out by the different countries and implies greater control in the use of antibiotics and the surveillance of antimicrobial resistance, among other strategies. Specifically, the Global Antimicrobial Surveillance System (GLASS) reveals widespread occurrence of antibiotic resistance among 500,000 people with suspected bacterial infections across 22 countries [17] .
On the other hand, the current antibiotic crisis has boosted phage therapy research in the last decade, yielding many promising results [18] . However, despite the successful data from animal models of infection, the route to actually put this strategy into practice at hospitals seems to be more complex than initially thought. The truth is that, despite the urgent need for alternatives to antibiotics, the use of phage-derived products in hospitals is still very limited and physicians sometimes feel helpless in front of a patient suffering from an incurable infection. Indeed, about 33,000 people die each year in the European Union as a consequence of multidrug-resistant bacteria causing infections [19] .
In view of these results, researchers are pushing the health authorities to make changes to the current regulations to facilitate the transfer of their results to pharmaceutical companies [8] . Meanwhile, patients are suffering all kinds of inconveniences in a race against time to fight bacterial infections.
Conclusion
The global antibiotic crisis is questioning the current strategy to combat infections mainly based on antibiotics (therapeutics) and vaccines (prophylaxis). In this regard, important research is being done into antimicrobial alternatives such as phage therapy. However, promising results in the use of phages to treat human infections are limited by the lack of investment, little interest by pharmaceutical companies and law regulations. A change in the current structure of medicine toward a personalized medicine might facilitate the arrival of phage therapy to Western countries.
Future perspective
The foreseeable advance of biotechnology and biomedicine over the next few years will allow solving the current problems of phage therapy, so that it is expected that phages will be available as a therapeutic alternative in hospitals.
In this regard, we should have large phage collections (perfectly characterized) against most infectious bacteria as well as a rapid system for identification of phages infecting those bacteria isolated from patients. Finally, we should also have suitable stocks of these purified phages in order to easily prepare the suitable cocktail to further treat a particular patient.
